Abstract
Introduction
Bismuth oxide (Bi 2 O 3 ) based glasses for their high polarizability has fascinated much attention of glass researchers because of their nonlinear optical properties which have importance for the development of optical information processing technology [1] - [5] . Hence there has been an increasing interest in the synthesis, physical properties of heavy metal oxide (HMO) glasses. Bismuth glass is one of the most important amongst the heavy metal oxide.
Recently many researchers study glasses as switching and memory devices, superior insulators and dielectrics. Thus glass becomes an ordinary electronic material [6] [7] .
Recently, Dimitrov and Komatsu [8] have investigated the polarizability approach of numerous oxide glasses by estimating the electronic oxide ion polarizability, optical basicity and metallization criterion based on the refractive index and energy gap. Since the optical nonlinearity is the cause of electronic polarization of the glass upon exposure to intense light beams, polarizability is the most important properties which govern the nonlinearity response of the glass. That is why knowledge of the state of polarization of ions in different crystalline and amorphous materials is of significant interest.
The aim of the present study is to prepare the Nd 3+ -doped bismuth borate glass with different Nd 2 O 3 concentrations and to study the effect of Nd 2 O 3 content on various physical parameters such as density, molar volume, and refractive index. In addition the optical basicity and polarizability were theoretically determined. Glass containing neodymium oxide has been used because of its high hardness and excellent chemical durability [9] [10].
Experimental Techniques Sample Preparation
The Then melted at 1060˚C by an electrical muffle furnace for 2 hours, After complete melting, the melts were quickly poured in to a preheated stainless steel mould and annealed at temperature of 350˚C for 2 hours to remove thermal strains and stresses. Every time fine powder of cerium oxide was used for polishing the samples. The glass samples so prepared were of good optical quality and were transparent. The chemical compositions of the glasses with the name of samples are summarized in Figure 1 presents the XRD pattern of the samples shows no sharp Bragg's peak, but only a broad diffuse hump around low angle region. This is the clear indication of amorphous nature within the resolution limit of XRD instrument.
Results and Discussion

XRD Measurement
Physical Properties
Density and molar volume measurements
Density is an effective tool to explore the degree of structural compactness modification of the geometrical configurations of the glass network. The density of all glasses was measured by using Archimedes principle with xylene as immersing liquid. The relation used is 
where ρ is the density of the sample and M T is the total molecular weight of the multi-component glass system given by
where 2 3 Bi O X ,
Nd O X are the molar fraction of the constituent oxides and
Nd O Z are the molar weights of the constituent oxides.
Refractive index measurement
Refractive index is another important property to be considered with respect to the optical features of glass. Therefore, a large number of researchers have carried out investigations to ascertain the relation between refractive index and glass composition. The refractive index was measured by using an Abbe refractometer.
Reflection loss
The reflection loss from the glass surface was computed from the refractive index using Fresnel's formula [11] ( ) ( )
where n is the refractive index.
Molar refraction
The molar refraction, (R m ) of the glass samples were calculated using the formula which is well known as Volf and Lorentz-Lorenz formula [12] ( ) ( )
where n is the refractive index of the glass sample, ρ is the density and M is the molecular weight of the glass samples. M/ρ is called the molar volume, (V m ).
Energy gap
According to duffy the energy gap is given by [13] 2 0 1 2
Molar electronic polarizability
The molar refraction is related to the structure of the glass and it is proportional to the molar electronic polarizability of the material (α m ) according to the relation [14] 2.52
Dielectric constant
The dielectric constant was calculated using refractive index of the glass [15] 2 є n =
Optical dielectric constant
The optical dielectric constant of the glass [16] .
( )
where є is the dielectric constant.
Electronic polarizability
The electronic polarizability was calculated using the formula [17] .
( ) ( ) 
where A V is the Avogadro number.
Oxide ions polarizability
The electronic polarizability of oxide ions has been calculated using the equation proposed by Dimitrov and Sakka [18] . 
Ionic concentrations
The ionic concentrations of the glass samples are determined using the following relation [19] .
Avogadro s number glass density ions cm mol% of rare earth ions Average molecular weight
Polaron radius
The polaron radius was calculated using the formula [20] 1 3
where N is the number of neodymium ions per unit volume.
Inter-ionic distance
Inter-ionic distance of the glass samples is given as [20] 1 3
Field strength
The field strength was calculated using the formula [21] ( )
where Z is the thickness of the samples.
Oygen packing density
The oxygen packing density of the glass samples were calculated using the following relation [22] .
where ρ the density of desired glass samples, M is the molecular weight of the sample and n is the number of oxygen atoms in the composition.
Optical basicity
The optical basicity addresses the ability of oxide glass in contributing the negative charges in the glass matrix. In other words it defines the electron donating power of the oxygen in the oxides glass. The theoretical optical basicity can be calculated by the equation proposed by duffy and Ingram [23] The measured density, molar volume and refrective index of Nd 3+ doped zinc lithium bismuth borate glass samples for different concentrations are shown in Table 2 . Based on the measurement of density, molar volume and refrective index various physical parameters e.g. electronic polarizability, ionic concentrations, polaron radius, molar refraction, Inter-ionic distance and field strength, etc. are calculated and are also listed in Table 2 .
The density increases with the addition of content of Nd 2 O 3 into the network. This indicates that replacing Bi 2 O 3 by addition of small amount of Nd 2 O 3 results in the increase in the average molecular weight of oxide ions in the glass. The molar volume depends on both the rate of change of density and molecular weight. However, when the Nd 2 O 3 concentration is increased the increasing rate of molecular weight is greater than that of density. It may be assumed that the increase in Nd 2 O 3 concentration at the expense of Bi 2 O 3 cause the opened glass network structure.
Thus the increase in density (ρ) & electronic polarizability (αe) is due to higher molecular weight of Nd 2 O 3 compared to that of Bi 2 O 3 .
In the present glass sample refractive index also increases with the increase in electronic polarizability. [ Figure 2 ] of oxide ions as a result of increase in the non-bridging oxygen to bridging oxygen ratio.
Oxygen packing density is another important parameter in explaining the structure of glass. The increase of oxygen packing density may cause a decrease of molar volume and hence an increase of mass density of these glass samples.
It is clear from Table 2 and Figure 3 that the optical basicity increases linearly when Bi 2 O 3 is replaced by Nd 2 O 3 Increasing basicity results in increasing negative charge on the oxygen atom and thus, increasing covalency in the cation-oxygen bonding. Also it has been found that the value of optical basicity increases with increase in refractive index [ Figure 4 ].
Insulating nature
Based on the theory of metallization of condensed matter explained by Herzfeld, refractive index turn to be infinite in the condition of R m /V m = 1 from the Lorentz-Lorenz equation. This is in accordance to the metallization of covalent solid materials [24] . Dimitrov and Komatsu explained on predicting the nature of solids which is metallic or non-metallic based on the condition of or R m /V m < 1 (non metal) and R m /V m > 1 (metal). Subtracting by 1 gives the metallization criterion (M) The small value of M means that the width of both valence and conduction bands become large, resulting in a narrow band gap and increased the metallicity of the solid [ Figure 5 ]. 
Conclusion
The Nd 3+ -doped zinc lithium bismuth borate gasses were prepared at various doping concentrations of Nd 2 O 3 and characterized for their physical properties. The density and refractive index increases with an increase in concentration of Nd 2 O 3 . The other two properties of polarizability and optical basicity also rise over the doping concentration. Increase in optical basicity results in increasing ability of oxide ions to donate electrons to surrounding cation. This suggests that the present glasses are more basic. The electrons polarizability shows a general trend of increase with increase in refractive index. The metallization parameter values of the present glasses are found to be less than one, and thus they exhibit insulating behaviour.
